The incidence of lung cancer has been increasing over recent decades. Previous studies showed that polymorphisms of the genes involved in carcinogen-detoxication, DNA repair and cell cycle control comprise risk factors for lung cancer. Recent observations revealed that the growth hormone receptor (GHR) might play important roles in carcinogenesis and Rudd et al. found that the Thr495Pro polymorphism of GHR was strongly associated with lung cancer risk in Caucasians living in the UK (OR ¼ 12.98, P ¼ 0.0019, 95% CI: 1.77 -1). To test whether this variant of GHR would modify the risk of lung cancer in Chinese population, we compared the polymorphism between 778 lung cancer patients and 781 healthy control subjects. Our results indicate that the frequency of 495Thr (2.8%) allele in cases was significantly higher than in controls (OR ¼ 2.04, P ¼ 0.006, 95% CI: 1.21 -3.42) which indicated this allele might be a risk factor for lung cancer. Further analyses revealed Thr495Pro variant was associated with lung cancer in the subpopulation with higher risk for lung cancer: male subpopulation, still-smokers subpopulation and the subpopulation with familial history of cancer. In different histological types of lung cancer, Thr495Pro SNP was significantly associated with small cell and squamous cell lung cancer, but not with adenocarcinoma, which suggested a potential interaction between this polymorphism and metabolic pathways related to smoking. The potential gene -environment interaction on lung cancer risk was evaluated using MDR software. A significant redundant interaction between Thr495Pro polymorphism and smoking dose and familial history of cancer was identified and the combination of genetic factors and smoking status or familial history of cancer barely increased the cancer risk prediction accuracy. In conclusion, our results suggested that the Thr495Pro polymorphism of GHR was associated with the risk of lung cancer in a redundant interaction with smoking and familial history of cancer.
INTRODUCTION
Lung cancer is one of the most important common diseases with complicate, multifactorial etiology, including interactions between genetic makeup and environmental factors. It has been postulated for long that individuals may differ in their susceptibility to environmental risk factors, which is supported by increasing evidence from molecular epidemiological studies on genetic risk (1) . This difference of susceptibility may result from inherited polymorphisms in various genes controlling carcinogen metabolism, repair of DNA damage and cell cycle etc (2 -4) .
Recently, several observations revealed growth hormone-insulin like growth factor (GH -IGF) axis might be associated with development of cancer (5) . Besides its action as a pituitary hormone, growth hormone 1 (GH1) is also locally produced in mammary epithelial cells where it can act in an autocrine/paracrine manner (6) . Recent data showed that autocrine GH1 production resulted in hyperproliferation of mammary carcinoma cells and enhanced transcriptional activation mediated by growth hormone receptor (GHR) (7) . Insulin like growth factor-1 (IGF1), which is up-regulated by GH, regulates cellular proliferation and apoptosis and has been shown to increase tumor growth (8) . Elevated levels of circulating IGF-1 have been shown to confer an increased risk to various tumors including breast (9) , colorectal (10), lung (11) and prostate cancers (12) . Therefore, GH1 and its main effector, IGF-1, are mitogens, which combined with GHR not only stimulate the normal mammary development but also play an important role in the development of cancer. Because of the importance, the relations between GHR gene and the development of cancers were investigated by several groups (11, 13, 14) . The human GHR consists of nine coding exons out of which exons 3 -7 encode the extracellular domain. Four cSNPs including Gly186Gly, Cys440Phe, Thr495Pro and Ile544Leu and a deletion polymorphism (GHRd3) lacking 22 residues encoded by exon 3 have been reported (15, 16) . However, the studies have not provided consistent evidence for the association between the polymorphisms and cancer risk. Wagner et al. did not observe any effect of the four polymorphisms (Gly186Gly, Cys440Phe, Ile544Leu and GHRd3) on breast cancer risk (11) , while Rudd et al. found that Thr495Pro was strongly associated with lung cancer risk (13). Rudd et al. investigated 64 associated SNPs mapping to genes encoding pivotal components of the GH-IGF1 pathway including three non-synonymous cSNPs in GHR. Their result suggested that 11 of the 64 SNPs contributed to lung cancer susceptibility. Among the three non-synonymous cSNPs of GHR, Cys440Phe and Ile544Leu were not related with cancer risk, while people having Thr allele of Thr495Pro had a 12-fold increased risk for lung caner in Caucasians (13) .
In this study, we investigated the GHR Thr495Pro polymorphism for an association with lung cancer risk in Chinese population. The results indicated Thr495Pro polymorphism was strongly associated with lung cancer risk in Chinese population.
PATIENTS AND METHODS

PATIENT RECRUITMENT AND SAMPLE COLLECTION
This study included 778 lung cancer patients and 781 cancer-free control subjects. All subjects were genetically unrelated ethnic Han Chinese and were from Nanjing City and its surrounding regions in southeast China. Patients with histopathologically confirmed incident lung cancer were recruited between July 2002 and November 2004.
Cancer-free control subjects were selected from a pool of healthy volunteers during the same period. These subjects had no history of cancer and were frequency-matched to the cases on age (+5 years), sex and residential area (urban or rural areas). Each participant was scheduled for an interview after written informed consent was obtained, and a structured questionnaire was administered by interviewers to collect information on demographic data and environmental exposure history including tobacco smoking. Those who had smoked less than one cigarette per day and shorter than 1 year in their lifetime were defined as non-smokers. Otherwise, they were considered as ever-smokers. Those smokers who quit for more than 1 year were considered as former-smokers. Pack-years smoked [(cigarettes per day/ 20)Â years smoked] were calculated to indicate the cumulative smoking dose. Family history of cancer was defined as any self-reported cancer in first-degree relatives (parents, siblings or children). After interview, $5-ml venous blood sample was collected from each participant.
GENOTYPING ASSAYS
GHR Thr495Pro polymorphism was genotyped using MALDI-TOF mass spectrometry of primer extension products (Sequenom iPlexsystem, Hamburg, Germany). Amplification primers, including tag sequences were as follows: 5 0 -TCGACTTTTATGCCCAGGTG-3 0 and 5 0 -CTG CCTTATTCTTTTGGCCC-3 0 ; Extension primer was as follow: 5 0 -CTTACCACACTACCTGCTG-3 0 ; final volume of 5 ml according to manufacturer's conditions. Typing of 10% of the samples was repeated blind to confirm assay fidelity.
STATISTICAL ANALYSIS
Chi-square tests were used to examine deviation of genotype frequencies from the Hardy -Weinberg equilibrium (HWE) among controls, as well as to test differences in the distributions of genotypes between cases and controls in dominant, additive and recessive genetic model.
With the statistical software of spss11.0, adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated as a measure of association with the risk of lung cancer by using unconditional logistic regression adjusted for age, sex, smoking status and familial history of cancer (17, 18) . All statistical tests were two-sided and the significance level P , 0.05 was used for all tests.
ANALYSIS OF GENE -ENVIRONMENT INTERACTION
Gene -environment interactions were evaluated by using the non-parametric multifactor dimensionality reduction (MDR) software (19) (20) (21) with Thr495Pro polymorphism, gender, age, trichotomized cumulative smoking dose and family history of cancer. With MDR, genotype and environmental factors were pooled into high-and low-risk groups, effectively reducing the multifactor predictors from n dimensions to 1 dimension.
The new one-dimensional multifactor variable was evaluated for its ability to classify and predict disease status through cross-validation and permutation testing.
Four general steps were involved in implementing the MDR method for case -control studies. In Step 1, a set of n genetic and/or discrete environmental factors was selected from the pool of all factors. In Step 2, the n factors and their possible multifactor cells were represented in n-dimensional space. Then, the ratio of the number of cases to the number of controls was estimated within each multifactor class. In
Step 3, each multifactor cell in n-dimensional space was labeled either as 'high-risk', if the cases: controls ratio !1, or as 'low-risk'. In this way, a model for both cases and controls was formed by pooling high-risk cells into one group and low-risk cells into the other group. This reduced the n-dimensional model to a one-dimensional model. In Step 4, the prediction error of each model was estimated by 100-fold cross-validation. This was used to reduce the chance of type I error due to multiple testing (22) . Here, the data were randomly divided into 100 equal parts. The MDR model was developed for each possible 99/100 (training set) of the subjects and then was used to make predictions about the disease status of each possible 1/100 (testing set) of the subjects excluded. The proportion of subjects for whom an incorrect prediction had been made was an estimation of the prediction error. To reduce the possibility of poor estimates of the prediction error that were due to chance divisions of the data set, the 100-fold cross-validation was repeated 100 times, and the prediction errors were averaged. The four steps of the MDR method were repeated for each possible combination. Among this set of best multifactor models, the combination of loci and/or discrete environmental factors that minimized the prediction error was selected.
Further, the fitness or value of an MDR model was assessed by estimating accuracy in the training set and the testing set. Accuracy is a function of the percentage of true positives (TP), true negatives (TN), false positives (FP) and false negatives (FN) and is defined as
. This process is repeated for all 100 pieces of the data and the 100 testing accuracies were averaged to provide an estimate of predictive ability or generalization (21) . Finally, all the variables in the best model were combined and dichotomized according to the MDR software and their ORs and 95% CIs in relation to lung cancer risk were calculated in logistic regression models.
RESULTS
We investigated the GHR Thr495Pro polymorphism in a cohort of 778 Chinese lung cancer cases and 781 matched controls. The 778 lung cancer cases and 781controls appeared to be adequately matched on age and sex. The distributions of age, gender, sex, smoking status and family history characterization among the subjects were summarized in Table 1 . There were no significant differences between A base substitution from C to A on 1526nt of cDNA of GHR resulted an amino acid changes from Pro to Thr. Genotyping of the Thr495Pro polymorphism was performed by using the MALDI-TOF mass spectrometry of primer extension products (Sequenom iPlexsystem, Hamburg, Germany). Out of 781controls and 778 lung cancer patients, 778 controls and 774 patients were successfully analysed. Genotyping rate was 99.6%. In controls, 756 (97.2%) were homozygous for the C allele (CC), 22(2.8%) were heterozygous (CA) and none homozygous for the A allele (AA) was found, hence the frequency of C allele was 98.6%. The Hardy-Weinberg equilibrium was first tested. The genotype distributions in the control group did not deviate from the Hardy-Weinberg equilibrium. In cases, 731 (94.4%) were homozygous for the C allele (CC), 42(5.4%) were heterozygous (CA) and 1 was homozygous for the A allele (AA). The frequency of A (2.8%) allele in cases was significantly higher than in controls (OR ¼ 2.04, P ¼ 0.006, 95% CI: 1.21-3.42) which indicated the A allele might be a risk factor for lung cancer.
The genotype distribution and allele frequencies of Thr495Pro for the 774 lung cancer patients and 778 control subjects were summarized in Table 2 . This table also shows lung cancer risk related to them. When the overall lung cancer cases were compared with the controls, the distributions of the genotype were tested. The genotype frequency of cases was found significantly differed from that of the controls. The people with heterozygous and homozygous for the A allele at Thr495Pro polymorphism had higher risk for lung cancer (OR ¼ 2.02, P ¼ 0.007, 95% CI: 1.20-3.41).
Further We then analysed the potential gene -environmental interactions on lung cancer risk using MDR software. Analysis was performed with the Thr495Pro variant, age, gender, the trichotomized cumulative smoking dose and the family history of cancer. After the variables in the best model combined and dichotomized according to the MDR software, smoking dose was found to be the strongest single-factor with accuracy 0.60 (OR ¼ 2.4849, P , 0.0001, 95% CI: 1.9987 -3.0895), which was more accurate than genetic single-factor (accuracy ¼ 0.51, OR ¼ 2.0214, P ¼ 0.0073, 95% CI: 1.1973 -3.4127). However, two factor model including smoking dose and Thr495Pro polymorphism only increased accuracy and OR a little (accuracy ¼ 0.60, OR ¼ 2.5147, P , 0.0001, 95% CI: 2.0315 -3.1128), which indicated that these two factors provided redundant information. All other models combined Thr495Pro variants with any other factors were listed in Table 3 . The strongest lung cancer prediction model consisted of all five factors, which resulting in an OR 3.6222 with a P value under 0.0001. (OR ¼ 3.6222, P , 0.0001, 95% CI: 2.9266 -4.4831) Figure 1 was a graphical representation of the interactions between five attributes (Thr495Pro variant, age, gender, the trichotomized cumulative smoking dose and the family history of cancer) from the MDR analysis using an 'interaction dendrogram'. The result indicated that the interaction between age and gender was in a synergetic manner, whereas the interaction of Thr495Pro variant, smoking status and family history of cancer was in a redundant manner.
DISCUSSION
The growth hormone receptor gene (GHR) belongs to the super family of cytokine receptors. GHR protein is potentially involved in cancer development via its role in initiating GH-dependent signal transduction pathways and stimulating insulin-like growth factor I production. Growth hormone and IGF-I were thought to play important roles in carcinogenesis (5). In 2007, the study by Rudd et al. provided evidence that inherited predisposition to lung cancer was in part mediated through low-penetrance alleles and specifically identifies variants in genes comprising the GH-IGF pathway as susceptibility alleles. In their study, GHR Thr495Pro polymorphism was strongly associated with lung cancer risk (OR ¼ 12.98, P ¼ 0.0019, 95% CI: 1.77 -1) (13). In our study, we confirmed the result about the relation between GHR Thr495Pro polymorphism and lung cancer in Chinese population. Compared with British Caucasians, Chinese had a higher MAF (minor allele frequency) at GHR Thr495Pro locus. The A allele frequency was 1.4% in Chinese controls, whereas the frequency was only 0.1% in British Caucasians. However, the OR for lung cancer risk in Caucasians was much bigger than in Chinese (OR ¼ 2.04, P ¼ 0.006, 95% CI: 1.21-3.42).
The relations between GHR variants and cancer risk were studied by several groups in recent years (11, 13, 14) . After the report by Rudd et al., Wagner et al. investigated the polymorphisms exon3deletion, Gly186Gly, Cys440Phe and Ile544Leu for their contribution to the risk of breast cancer (11) . However, they did not observe any effect of the GHR polymorphisms on breast cancer risk in their study. In 2007, OR, odds ratio; 95% CI, confidence intervals. (14) . GHR is located on chromosome 5p13.1-p12 and is 87 Kb long, with nine coding exons encoding 620 amino acids. Exon3deletion polymorphism is due to a deletion between two retroviral sequences flanking exon 3 that mimic alternative splicing (15, 16) . It has been hypothesized that a loss or retention of exon 3 could affect the receptor function. However, the binding affinity of GH1 to each receptor isoform was similar and there was no evidence that the d3 variant was associated with the cancer risk (23) . The Gly186Gly SNP is, according to the UniProtKB/Swiss-Prot database [Swiss-Prot: P10912], located at a turn position in the protein structure but the SNP does not change the amino acid. The Cys440Phe, Thr495Pro and Pro579Thr SNP are both located in the 3 0 region of the gene. Both of these amino acid substitutions were predicted to be possibly damaging according to the PolyPhen database (http://tux.embl-heidelberg.de/ramensky/polyphen.cgi). In hapmap database, these three SNPs were in one LD block, which covers all the 3 0 region of GHR. However, the MAF of these variants was low.
Tobacco smoking has been acknowledged to be the major risk factor for lung cancer, contributing to a 10-fold increase in risk in long-term smokers compared with non-smokers (24) . In our study, heavy-smokers got a 2.82-fold (OR ¼ 2.82, P , 0.001, 95% CI: 2.21 -3.59) increased risk for lung cancer. Further analysis indicated that the smoking had different effects on different histological types of lung cancer. Consistent with former epidemiological studies (25, 26) , we found that small cell and squamous cell types of lung cancer were highly associated with habitual smoking, whereas adenocarcinoma was weakly associated. Familial history of cancer was also a risk factor for lung cancer.
We found that the A allele of Thr495Pro variant of GHR was a heretic risk factor in Chinese. Further, our results indicated Thr495Pro variant was associated with lung cancer in Figure 1 . Left panel is the graphical representation of the interactions between five attributes (Thr495Pro variants and age, gender, the trichotomized cumulative smoking dose and the family history of cancer) from the multifactor dimensionality reduction analysis using an 'interaction dendrogram'. Right panel is the explanation for colors. FHC, familial history of cancer; Synergy, the interaction between two attributes provides more information than the sum of the individual attributes; Redundancy, the interaction between attributes provides redundant information. (Note that a color version of this figure is available as supplementary data at http://www.jjco.oxfordjournals.org). 
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T495P variant of GHR and lung cancer risk male, still-smokers and with familial history of cancer subpopulation, which all with higher risk for lung cancer. In the analysis in different histological types of cancer, Thr495Pro variant was found to influence the risk of small cell and squamous cell types of lung cancer, which was believed to be more associated with smoking. The result suggested that the Thr495Pro SNP might have interaction with smoking carcinogensis process in lung cancer. Therefore, it was meaningful to analyse the genotype of Thr495Pro polymorphism in subpopulation with higher lung cancer risk in order to prevent the disease more efficiently. GHR was involved in the GH/IGF axis signal pathway, which was not sensitive to the environmental factor including smoking according nowadays knowledge. However, in our gene -environmental analysis by MDR software, it was revealed that there had redundant interaction between Thr495Pro polymorphism and smoking dose, also with familial history of cancer. We also performed the analysis of the interaction by the method of stratification. As shown in Fig. 2 , because of the limit of the sample numbers and the low MAF of the polymorphism, several cells had too small amount of samples to evaluate the relation of the three risk factors and lung cancer. Comparing to using the conventional method with the nonparametric and genetic model-free MDR approach, multilocus genotypes/diplotypes and environmental factors can be evaluated together to fit the best prediction model and further be pooled into high-and low-risk groups, effectively reducing the dimensionality from n dimensions to one dimension (22) . Figure 2 represented the example of the analysis of the combination of Thr495Pro variants, trichotomized cumulative smoking dose and the family history of cancer. High-and low-risk groups were generated by MDR and the OR value was 2.58 (95% CI: 2.08 -3.20), much smaller than the product of the OR values of each risk factors (8.07 ¼ 2.02 Â 1.61 Â 2.48), which indicated the combination of the three factors provided redundant information. The results suggested that consistently with the former analysis in small cell and squamous cell types of lung cancer, there might be a potential interaction between the GH/IGF pathway and smoking metabolism pathway, which need more researches to discover in larger study population. The redundant information between Thr495Pro and familial history of cancer was easy to understand because Thr495Pro polymorphism might be an important basis of the familial hereditary risk for lung cancer.
CONCLUSION
In this study, we investigated the GHR Thr495Pro polymorphism for an association with lung cancer risk in Chinese population. The results suggested that Thr495Pro polymorphism of GHR might modulate the risk of lung cancer in a redundant interaction with smoking and familial history of cancer. Further researches are necessary to confirm the result and to investigate the relation between GHR and smoking.
